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WRITTEN AMENDMENT 
(Amendment according to the Provision of Section 11 of the Law) 
To the Commissioner 

1. Indication of International Application: PCT/ J99/05395 
5 2 . Applicant 

Name: Toray Industries, Inc. 

Address: 2-1, Nihonbashi Muromachi 2-chome, Chuo-ku, Tokyo 

103-8666 Japan 
Nationality: Japan 
10 Address: Japan 

3. Date of notification: 08.08.00 

4. Object of amendment: Specification and claims 

5. Contents of amendment 

(1) "two or more rounds in the circumferential direction." 
15 at page 4, line 5 of the specification will amended to read, 

"two or more rounds in the circumferential direction, and 
( F ) a radially pro j ecting rib is provided on the inner circumferential 
surface of the main body, or the overall height of at least a part 
of the cavity is 0 . 5 m or more and the overall width thereof is 0 . 7 
20 m or more . " 

(2) "two or more rounds in the circumferential direction." 
at page 4, line 21 of the specification is amended to read, 
"two or more rounds in the circumferential direction, and 

( H ) a radially projecting rib is provided on the inner circumferential 
25 surface of the main body, or the overall height of at least a part 
of the cavity is 0.5 m or more and the overall width thereof is 0 . 7 
m or more 

(3) "the following steps (A) through (D) to be taken in this order." 
at page 4, line 23 of the specification is amended to read. 
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"the following steps (A) through (D) to be taken in this order and 
at least one step selected from a group consisting of the following 
( a ) through ( c ) . " 

(4) "thereby impregnating into the preforms." 

5 at page 4/1, line 3 of the specification is amended to read, 
"thereby impregnating into the preforms. 

(a) To use an inner mold having resin passage grooves on the outer 
surface thereof for injecting a synthetic resin into the preforms 
of the reinforcement through the grooves, in the inner mold 

10 prearranging step. 

(b) To bond the structure obtained after completion of the synthetic 
resin impregnating step to other identical structures for integration 
by means of local vacuum molding. 

(c) To apply a preform retainer for retaining the preforms between 
15 the respective preforms and/or between the preforms and the inner 

mold when the preforms composed of reinforcing fibers are arranged 
in the preform arranging step." 

(5) The following sentence is inserted between lines 17 and 18, page 
7 of the specification. 

20 "The structure of this invention is characterized in that a radially 
projecting rib is provided on the inner circumferential surface of 
the main body or that the overall height of at least a part of the 
cavity is 0 . 5 m or more and the overall width thereof is 0 . 7 m or 
more" 

25 (6) "the following steps (A) through (D) to be taken in this order. " 
at page 2, line 13 of the specification is amended to read, 
"the following steps (A) through (D) to be taken in this order, and 
at least one step selected from a group consisting of the following 
(a) through (c) . " 

30 (7) "thereby impregnating into the preforms." 
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at page 20, line 22 of the specification is amended to read, 
"thereby impregnating into the preforms. 

(a) To use an inner mold having resin passage grooves on the outer 
surface thereof for injecting a synthetic resin into the preforms 

5 of the reinforcement through the grooves, in the inner mold 
prearranging step . 

(b) To bond the structure obtained after completion of the synthetic 
resin impregnating step to other identical structures for integration 
by means of local vacuum molding. 

10 (c) To apply a preform retainer for retaining the preform between 
the respective preforms and/or between the preforms and the inner 
mold when the preforms composed of reinforcing fibers are arranged 
in the preform arranging step." 

(8) "preforms of the reinforcement through the grooves." 

15 at page 21, line 16 of the specification is amended to read, 

"preforms of the reinforcement through the grooves (in the former 
production process, this may be essential in an embodiment)." 

(9) "composed of reinforcing fibers are arranged." 

at page 21, line 29 of the specification is amended to read, 
20 "composed of reinforcing fibers are arranged (this may be essential 
in an embodiment ) . " 

( 9 ) " identical structures for integration by means of local molding . " 
at page 21/2, line 1 of the specification is amended to read, 
"identical structures for integration by means of local molding (this 

25 may be essential in an embodiment)." 

( 10) Claims 1 , 2 , 5, 7, 28 , 37-43 and 44 are amended as per the attached 
documents (pages for replacement) . 

6 . List of attached documents 

(1) Pages 4, 4/1, 4/2, 7, 7/1, 20, 20/1, 21 and 21/1 of the specif ication 
30 (2) Pages 36, 36/1, 37, 37/1, 40, 40/1, 41 and 42 of the claims 
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the cavity to the maximum width (f) of the mouth is 1.1 to 500 # 

(D) the main body has a hollow section, the whole of which is formed 
as an integral structure substantially free from any bonded region, 

(E) the reinforcing fibers of the main body do not substantially 
have those continuously extending for two or more rounds in the 
circumferential direction, and 

( F ) a radially projecting rib is provided on the inner circumferential 
surface of the main body, or the overall height of at least a part 
of the cavity is 0 . 5 m or more and the overall width thereof is 0.7 
m or more . 

Another embodiment of the fiber reinforced resin structure 
having a hollow section of this invention is a fiber reinforced resin 
structure, characterized in that 

(A) the structure consists of a plurality of elements, 

(B) at least one of the elements is a structure provided with at 
least one mouth and a main body having a cavity therein and has a 
solid of non-revolution as a section thereof, 

(C) the mouth is positioned at an end of the structure consisting 
of a plurality of elements, 

(D) the inner maximum width (F) of the cavity is 0.5 m or more and 
the ratio (F/f ) of the inner maximum width of the cavity to the maximum 
width (f) of the mouth is in a range of 1.1 to 500, 

(E) the main body is composed of a fiber reinforced resin formed 
by impregnating reinforcing fibers with a synthetic resin, 

(F) the main body has a closed space formed in a section in the 
circumferential direction at least at one point and has a hollow 
section having a portion formed as an integral structure 
substantially free from any bonded region. 



(G) the reinforcing fibers of the main body do not substantially 
have those continuously extending for two or more rounds in the 
circumferential direction, and 

( H ) a radially projecting rib is provided on the inner circumferential 
5 surface of the main body, or the overall height of at least a part 

of the cavity is 0 . 5 m or more and the overall width thereof is 0 . 7 
m or more. 

One embodiment of the process for producing a fiber reinforced 
resin structure having a hollow section of this invention is a process 
10 for producing a fiber reinforced resin structure having a hollow 
section comprising at least the following steps (A) through (D) to 
be taken in this order and at least one step selected from a group 
consisting of the following (a) through (c) . 

(A) An inner mold prearranging step for arranging an inner mold having 
15 a solid of non- revolution as a section thereof on a mount. 

(B) A preform arranging step for arranging preforms partially or 
wholly composed of reinforcing fibers on the surface of the inner 
mold to ensure that the reinforcing fibers are not arranged to 
continuously extend for two or more rounds around the inner mold. 

20 (C) A pressure reducing step for covering the tops of the preforms 
on the surface of the inner mold with a bag and reducing the pressure 
in the bag to lower than atmospheric pressure. 

(D) A synthetic resin impregnating step for injecting a synthetic 
resin into the reinforcing fibers , for uniformly diffusing the resin 
25 in the surface direction of the preforms of the reinforcement, for 
impregnation into the preforms. 

(a) To use an inner mold having resin passage grooves on the outer 
surface thereof for injecting a synthetic resin into the preforms 
of the reinforcement through the grooves, in the inner mold 
30 prearranging step. 
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(b) To bond the structure obtained after completion of the synthetic 
resin impregnating step to other identical structures for integration 
by means of local vacuum molding. 

(c) To apply a preform retainer for retaining the preforms between 
5 the respective preforms and/or between the preforms and the inner 

mold when the preforms composed of reinforcing fibers are arranged 
in the preform arranging step. 

Another embodiment of the process for producing a fiber 
reinforced resin structure having a hollow section of this invention 
10 is a process for producing a fiber reinforced resin structure having 
a hollow section comprising at least the following steps (A) through 
(F) taken in this order. 

(A) An inner mold prearranging step for arranging a hollow inner 
mold having a solid of non-revolution as a section thereof and made 

15 of an elastic material on a support mount. 

(B) A resin diffusing medium arranging step for arranging a resin 
diffusing medium having a function to diffuse a resin, at least on 
a part of the outer surface of the inner mold. 

(C) A preform arranging step for arranging preforms partially or 
20 wholly made of reinforcing fibers on the outer surface of the inner 

mold. 

(D) An outer mold arranging step for covering the outer circumference 
of the preforms composed of reinforcing fibers with an outer mold. 

(E) A pressure reducing step for reducing the pressure between the 
25 outer mold and the inner mold, to expand or move the resin diffusing 

medium together with the inner mold toward the outer mold. 

(F) A synthetic resin impregnating step for injecting a synthetic 
resin into the reinforcing fibers , for uniformly diffusing the resin 
in the surface direction of the preforms of the reinforcement, for 

30 impregnation into the preforms. 
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A further other embodiment of the process for producing a fiber 
reinforced resin structure having a hollow section of this invention 
is a process for producing a fiber reinforced resin structure having 
a hollow section and having a solid of non-revolution as a section 
thereof, that consists of a plurality of elements, at least one of 
which is provided with at least one mouth and a main body having 
a cavity therein, 

wherein the elements are bonded to each other with reinforcing 
fibers arranged to cross over the joints of elements; the joints 
are locally covered with a bag over the reinforcing fibers; the 
pres sure in the bag is reduced ; and a resin is in j ected for impregnation 
to bond the elements to each other. 
Brief description of the drawings 

Fig. 1 is a perspective view showing an example of a hollow FRP 
structure to which this invention can be applied. 
Fig. 2 is a perspective view showing another example of a hollow 
FRP structure to which this invention can be applied. 
Fig. 3 is a perspective view showing a further other example of a 
hollow FRP structure to which this invention can be applied. 
Fig. 4 is a perspective view showing a still further other example 
of a hollow FRP structure to which this invention can be applied. 
Fig. 5 is a perspective view showing a still further other example 
of a hollow FRP structure to which this invention can be applied. 
Fig. 6 is a schematic constitutional view showing an example of the 
FRP element molding process of this invention. 

Fig. 7 is a schematic constitutional view showing another example 
of the FRP element molding process of this invention. 
Fig . 8 is a sectional perspective view showing an example of an interior 
material forming process using an inner mold having depressed grooves 
of this invention. 



With every opening, as described above, the inner maximum width is 
larger than the maximum width of the mouth. The mouths can also 
be provided at any other place than both the ends. 

Furthermore , it is necessary that the ratio of the inner maximum 
width to the maximum width of a mouth is in a range of 1.1 to 500. 
A range of 1.2 to 100 is preferable, and a range of 1.5 to 50 is 
more preferable. If the ratio is smaller than the lower limit of 
this range, the inner space is not sufficient, and if larger than 
the upper limit, it is troublesome to clean or wash the inside in 
the case of a car body or container, etc. Furthermore, it is 
preferable that a section, the sectional maximum width (= maximum 
width in one section) of which is 1 . 2 times (more preferably 1.5 
times) or more of the maximum width of the mouth, exists by 0.1 m 
(more preferably 0.5 m) or more as the length of the main axis and/ or 
5% (more preferably 20%) or more of the overall length. In this 
case, the section satisfying this condition can continue in the same 
maximum width or in different maximum widths. If the continuous 
length of the sectional maximum width is less than the lower limit 
of the range , the inner space is not sufficient , and the human dwelling 
space may become narrow unpref erably . This condition is especially 
suitable for an application for transport machines such as aircraft 
and motor vehicles . 

With this shape feature, a relatively large inner space for 
the size of a mouth can be obtained. On the other hand, with this 
shape, it is almost impossible to take out the object filling the 
inner space from the mouth without dividing or deforming it. 

The structure of this invention is characterized in that a 
radially projecting rib is provided on the inner circumferential 
surface of the main body, or that the overall height of at least 
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a part of the cavity is 0 . 5 m or more while the overall width thereof 

is 0.7 m or more. 

The solid of non -revolution in this invention includes a solid 
of right-and-left symmetry or of up-and-down symmetry. The solid 
of non-revolution allows various applications as transport machines 
and various containers. Transport machines include flying objects 
such as aircraft , airplanes and helicopters . motor vehicles , buses , 
tracks , motorcycles . bicycles, ships such as passenger boats , sailing 
boats . motor boats and leisure boats , rolling stock such as passenger 
coaches and high speed trains , and other distribution machines . As 
described later, since the hollow FRP structures of this invention 
are excellent in mechanical properties , they are suitable for large 
structures of more than several meters. 

The hollow FRP structures of this invention include a structure , 
in which a main component is substantially integrally formed without 
having any bonded region, and a structure consisting of a plurality 
of elements, at least one of which has a closed space formed and 
is substantially integrally formed. 

The former does not include a portion bonded by riveting or 
bolting, etc., and is substantially Integrally .. 
P. 20 

Thermoplastic resins such as .. lene are preferable. Among them, 
polypropylene containing glass fibers is preferable in view of 
lamination of the preforms and handling convenience of the inner 
mold , since the rigidity of the inner mold can be remarkably enhanced . 
In this case, the adequate amount of glass fibers is 1 vol% to 30 
vol% . and the length of glass fibers is about 0 . 1 to 100 mm in average 
weight. In the case where an outer mold is used, it is preferable 
that the outer mold is made of an elastic material like rubber. In 
the case where the inner mold is removed after molding, it is also 



preferable that the inner mold is made of a material with excellent 
releasability such as silicone rubber. 

In the relation with the curing temperature of the resin, it 
is preferable that the deformation temperature of the inner mold 
5 is higher than the curing temperature or temporary curing temperature 
of the resin. Above all. if the deformation temperature is higher 
than the curing temperature or temporary curing temperature of the 
resin by 5*0 or more, it can be inhibited that the inner mold is 
deformed during the curing or temporary curing of the resin, and 

10 the dimensional accuracy of the structure can be secured preferably. 
The deformation temperature of the inner mold is defined as the Vicat 
softening point measured according to JIS K 6760. 

The hollow FRP structure of this invention can be produced 
taking at least the following steps (A) through (D) in this order 

15 and taking at least one step selected from the following group 
consisting of (a) through (c) . 

(A) An inner mold prearranging step for arranging an inner mold having 
a solid of non-revolution as a section thereof on a mount. 

(B) A preform arranging step for arranging preforms partially or 
20 wholly composed of reinforcing fibers on the surface of the inner 

mold to ensure that the reinforcing fibers are not arranged to 
continuously extend for two or more rounds around the inner mold. 

(C) A pressure reducing step for covering the tops of the preforms 
on the surface of the inner mold with a bag and reducing the pressure 

25 in the bag to lower than atmospheric pressure. 

(D) A synthetic resin impregnating step for injecting a synthetic 
resin into the reinforcing fibers . for uniformly diffusing the resin 
in the surface direction of the preforms of the reinforcement, for 
impregnation into the preforms. 
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(a) To use an inner mold having resin passage grooves on the outer 
surface thereof for injecting a synthetic resin into the preforms 
of the reinforcement through the grooves, in the inner mold 
prearranging step. 
5 (b) To bond the structure obtained after completion of the synthetic 
resin impregnating step to other identical structures for integration 
by means of local vacuum molding. 

(c) To apply a preform retainer for retaining the preforms between 
the respective preforms and/or between the preforms and the inner 
10 mold when the preforms composed of reinforcing fibers are arranged 
in the preform arranging step. 

It is preferable to add a step of curing the whole in a 
temperature range of 50 to 200^, for integral molding, further to 
the above steps . 

15 The hollow FRP structure of this invention can be produced 

taking at least the following steps (A) through (F) in this order. 
(A) An inner mold prearranging step for arranging a hollow inner 
mold having a solid of non- revolution as a section thereof and made 
of an elastic material on a support mount, etc. 

20 (B) A resin diffusing medium arranging step for arranging a resin 
diffusing medium having a function to diffuse a resin, at least on 
a part of the outer surface of the inner mold 

(C) A preform arranging step for arranging preforms partially or 
wholly made of reinforcing fibers on the outer surface of the inner 

25 mold 

(D) An outer mold arranging step for covering the outer circumference 
of the preforms composed of reinforcing fibers with an outer mold 

(E) A pressure reducing step for reducing the pressure between the 
outer mold and the inner mold, to expand or move the resin diffusing 

30 medium together with the inner mold toward the outer mold. 
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(F) A synthetic resin impregnating step for injecting a synthetic 
resin into the reinforcing fibers , for uniformly diffusing the resin 
in the surface direction of the preforms of the reinforcement , for 
impregnation into the preforms . 

In this case, it is preferable to take the following steps: 
covering at least a part of the outer surface of the inner mold, 
with a sheet -like covering material, arranging preforms partially 
or wholly composed of reinforcing fibers thereon, covering with an 
outer mold from the outer circumference, reducing the pressure 
between the outer mold and the inner mold for expanding or moving 
the covering material toward the outer mold, and injecting a synthetic 
resin in this state, for diffusing the resin in the surface direction 
in the preforms of the reinforcement, thereby impregnating the 
preforms of the reinforcement with the resin. 

In both of the above processes , it is preferable to use a hollow 
inner mold, and to use an inner mold having resin passage grooves 
on the outer surface thereof for injecting a synthetic resin into 
the preforms of the reinforcement through the grooves (in the former 
production process, this may be essential in an embodiment). 

In the latter production process, it is preferable to use an 
inner mold made of an elastic material, and to pressurize the inside 
of the inner mold with a fluid, for expanding the inner mold toward 
the outer mold. In this case, it is preferable that the fluid used 
for pressurizing the inside of the inner mold is compressed air and 
that the pressure is in a range of 0.05 to 1.0 MPa (0.5 to 10 kg/cm 2 G) , 
more preferably 0.1 to 0.5 MPa. 

Also in the former production process, it is preferable to 
use a resin diffusing medium capable of diffusing the resin into 
the covering material in the preform arranging step (B). In this 
case, it is preferable that the medium is a net-like material. It 
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is preferable that the inner mold is made of any of plastics , rubber, 
water soluble polymers and wood, and is produced as a hollow inner 
mold by blow molding. Furthermore, in the preform arranging step 
(B) , it is desirable to apply a preform retainer for retaining the 
5 preforms between the respective preforms and/ or between the preforms 
and the inner mold when the preforms composed of reinforcing fibers 
are arranged (this may be essential in an embodiment) . It is 
preferable to bond the structure to other identical structures for 
integration by means of local molding (this may be essential in an 
10 embodiment). 

Furthermore, in both of the production processes, adding an 
inner mold removing step for removing the inner mold from the 
integrally molded structure or . . 
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CLAIMS 

1. (As amended) A fiber reinforced resin structure, characterized 
in that 

(A) the fiber reinforced resin structure has a hollow section and 
5 is provided with at least one mouth and a main body having a cavity 

with a maximum width larger than the maximum width of the mouth therein , 

(B) the main body is composed of a fiber reinforced resin obtained 
by impregnating reinforcing fibers with a synthetic- resin , 

(C) the main body has a solid of non -revolution, in which the inner 
10 maximum width (F) of the cavity is 0.5 m or more and the ratio (F/f ) 

of the inner maximum width (F) of the cavity to the maximum width 
(f) of the mouth is 1.1 to 500, 

(D) the main body has a hollow section, the whole of which is formed 
as an integral structure substantially free from any bonded region, 

15 (E) the reinforcing fibers of the main body do not substantially 
have those continuously extending for two or more rounds in the 
circumferential direction, and 

( F ) a radially projecting rib is provided on the inner circumferential 
surface of the main body. 

20 2. (As amended) A fiber reinforced resin structure having a hollow 
section, according to claim 1 , wherein the overall height of at least 
a part of the cavity is 0 . 5 m or more and the overall width thereof 
is 0.7 m or more, instead of having a radially projecting rib on 
the inner circumferential surface of the main body. 

25 3. A fiber reinforced resin structure having a hollow section, 
according to claim 2, wherein the projecting rib has a core therein 
and the core is surrounded by a skin layer containing reinforcing 
fibers, to form a frame structure. 
4. 
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5. A fiber reinforced resin structure having a hollow section, 
according to any one of claims 1 through 3, wherein a section in 
the circumferential direction forms a closed space and a portion 
formed as an integral structure substantially free from any bonded 
5 region is positioned at an end or center of the main body. 
6. 

7. (As amended) A fiber reinforced resin structure, characterized 
in that 

(A) the structure consists of a plurality of elements, 
10 (B) at least one of the elements is a structure provided with at 
least one mouth and a main body having a cavity therein and has a 
solid of non-revolution as a section thereof, 

(C) the mouth is positioned at an end of the structure consisting 
of a plurality of elements, 

15 (D) the inner maximum width (F) of the cavity is 0 . 5 m or more and 
the ratio (F/f ) of the inner maximum width of the cavity to the maximum 
width (f) of the mouth is in a range of 1.1 to 500, 
(E) the main body is composed of a fiber reinforced resin obtained 
by impregnating reinforcing fibers with a synthetic resin, 

20 (F) the main body has a closed space formed in a section in the 
circumferential direction at least at one place thereof and has a 
hollow section having a portion formed as an integral structure 
substantially free from any bonded region, 

(G) the reinforcing fibers of the main body do not substantially 
25 have those continuously extending for two or more rounds in the 

circumferential direction, and 

(H) a radially projecting rib is provided on the inner circumferential 
surface of the main body, or the overall height of at least a part 
of the cavity is 0 . 5 m or more and the overall width thereof is 0 . 7 

30 m or more. 

15 



8. 
9. 

10. A fiber reinforced resin structure having a hollow section, 
according to claim 7 , wherein a radially projecting rib is provided 

5 on the inner surface facing the cavity of the structure. 

11. A fiber reinforced resin structure having a hollow section, 
according to claim 10, wherein the projecting rib has a core therein 
and the core is surrounded by a skin layer containing reinforcing 
fibers, to form a frame structure. 

10 27. An airplane, comprising the fiber reinforced resin structure 
having a hollow section as set forth in any one of claims 1-3, 5, 
7 and 10-24, as a part thereof. 

28. (As amended) A process for producing a fiber reinforced resin 
structure, comprising at least the following steps (A) through (D) 
15 to be taken in this order and at least one step selected from a group 
consisting of the following (a) through (c) . 

(A) An inner mold prearranging step for arranging an inner mold having 
a solid of non-revolution as a section thereof on a mount. 

(B) A preform arranging step for arranging preforms partially or 
20 wholly composed of reinforcing fibers on the surface of the inner 

mold to ensure that the reinforcing fibers are not arranged to 
continuously extend for two or more rounds around the inner mold. 

(C) A pressure reducing step for covering the tops of the preforms 
on the surface of the inner mold with a bag and reducing the pressure 

25 in the bag to lower than atmospheric pressure. 

(D) A synthetic resin impregnating step for injecting a synthetic 
resin into the reinforcing fibers , for uniformly diffusing the resin 
in the surface direction of the preforms of the reinforcement, for 
impregnation into the preforms. 

16 



(a) To use an inner mold having resin passage grooves on the outer 
surface thereof for injecting a synthetic resin into the preforms 
of the reinforcement through the grooves, in the inner mold 
prearranging step. 

(b) To bond the structure obtained after completion of the synthetic 
resin impregnating step to other identical structures for integration 
by means of local vacuum molding . 

(c) To apply a preform retainer for retaining the preforms between 
the respective preforms and/or between the preforms and the inner 
mold when the preforms composed of reinforcing fibers are arranged 
in the preform arranging step. 

29. 
30. 
31. 

32 . A process for producing a fiber reinforced resin structure having 
a hollow section, according to claim 28, wherein the whole is cured 
in a temperature range of 50 to 200*0 for integral molding. 

33 . A process for producing a fiber reinforced resin structure having 
a hollow section, comprising at least the following steps (A) through 
(F) taken in this order. 

(A) An inner mold prearranging step for arranging a hollow inner 
mold having a solid of non-revolution as a section thereof and made 
of an elastic material on a support mount. 

(B) A resin diffusing medium arranging step for arranging a resin 
diffusing medium having a function to diffuse a resin, at least on 
a part of the outer surface of the inner mold. 

(C) A preform arranging step for arranging preforms partially or 
wholly made of reinforcing fibers on the outer surface of the inner 
mold. 
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(D) An outer mold arranging step for covering the outer circumference 
of the preforms composed of reinforcing fibers with an outer mold, 

(E) A pressure reducing step for reducing the pressure between the 
outer mold and the inner mold, to expand or move the resin diffusing 

5 medium together with the inner mold toward the outer mold. 

(F) A synthetic resin impregnating step for injecting a synthetic 
resin into the reinforcing fibers , for uniformly diffusing the resin 
in the surface direction of the preforms of the reinforcement, for 
impregnation into the preforms . 

10 34 . A process for producing a fiber reinforced resin structure having 
a hollow section, according to claim 28 or 33 , wherein in the pressure 
reducing step, the inside of the inner mold is pressurized with a 
fluid for further expanding the inner mold toward the outer mold. 
35 . 

15 36 . A process for producing a fiber reinforced resin structure having 
a hollow section, according to claim 34, wherein in the pressure 
reducing step, the fluid for pressurizing the inside of the inner 
mold is compressed air and the pressure is in a range of 0.049 to 
0.98 MPa (0.5 to 10 kg/cm 2 G) . _ 

20 37. (As amended) A process for producing a fiber reinforced resin 
structure having a hollow section, according to any one of claims 
32-34 and 36, wherein in the inner mold prearranging step, an inner 
mold having resin passage grooves on the outer surface thereof is 
used for injecting a synthetic resin into the preforms of the 

25 reinforcement through the grooves. 

38 . A process for producing a fiber reinforced resin structure having 
a hollow section, according to claim 37, wherein the depth of the 
grooves is in a range of 1 to 50 mm. 
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39 . A process for producing a fiber reinforced resin structure having 
a hollow section, according to claim 37 or 38, wherein the intervals 
of the grooves are in a range of 5 to 900 mm. 

40 . A process for producing a fiber reinforced resin structure having 
5 a hollow section, according to any one of claims 37-39, wherein the 

width of the grooves is in a range of 3 to 5 mm. 

41 . A process for producing a fiber reinforced resin structure having 
a hollow section, according to claim 33 , wherein in the resin diffusing 
medium arranging step, a net -like material is used as the resin 

10 diffusing medium. 

42 . A process for producing a fiber reinforced resin structure having 
a hollow section, according to any one of claims 28, 32-34 and 36-41, 
wherein the inner mold is made of any one of plastics, rubber, water 
soluble polymers and wood. 

15 43. (As amended) A process for producing a fiber reinforced resin 
structure having a hollow section, according to any one of claims 
32-34 ad 36-42, wherein said structure is bonded to other identical 
structures for integration by means of local vacuum molding. 
44. (Added) A process for producing a fiber reinforced resin structure 

20 having a hollow section, according to any one of claims 32-34 and 
36-43, wherein in the preform arranging step, when the preforms 
composed of reinforcing fibers are arranged, a preform retainer for 
retaining the preforms is applied between the respective preforms 
and/or between the preforms and the inner mold. 

25 45 . A process for producing a fiber reinforced resin structure having 
a hollow section, according to any one of claims 28, 32-34 and 36-44, 
wherein the inner mold used is produced as a hollow inner mold by 
means of blow molding. 

46 . A process for producing a fiber reinforced resin structure having 
30 a hollow section, according to any one of claims 28, 32-34 and 36-45, 
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wherein an inner mold removing step for removing the inner mold from 
the integrally molded structure is provided. 

47 . A process for producing a fiber reinforced resin structure having 
a hollow section, according to any one of claims 28, 32-34 and 36-45 , 

5 wherein the inner mold is left in the integrally molded structure, 
without being integrated with the structure. 

48. A process for producing a plurality of fiber reinforced resin 
structures respectively having a hollow section and having a solid 
of nori -revolution as a section thereof, that consists of a plurality 

10 of elements, at least one of which is provided with at least one 

mouth and a main body having a cavity therein, 

wherein the elements are bonded to each other with reinforcing 

fibers arranged to cross over the joints of elements; the joints 

are locally covered with a bag over the reinforcing fibers; the 
1 5 pressure in the bag is reduced ; and a res in is in j ected for impregnation 

to bond the elements to each other. 
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532Re$*dPC?/PT0 30 iMAR 2001 

Amendment 

(Correction based on Article 11 of the Law) 
To: Director-General of the Patent Office 

1. Identification of the international application 

PCT/JP99/05395 

2 . Applicant 

Name: Toray Industries, Inc. 

Address: 2-1, Nihonbashi Muromachi 2-chome, Chuo-ku, 

Tokyo 103-8666 
Nationality: Japan 
Domicile: Japan 

3. Portions to be Corrected: Claims, and Specification 

4. Details of Correction 

(1) Specification, Page 6, Line 20 
"substantially has no regions which are joined." 
is corrected as follows: 

"substantially has no regions which are joined, and 
(E) the reinforcing fibre for the aforesaid main body portion 
does not virtually extend continuously in the circumferential 
direction around the portion over a length not less than two 
times the circumference." 

(2) Specification, Page 7, Lines 1-7 

"main body portion is composed of fibre-reinforced plastic where 
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reinforcing fibre has been impregnated with synthetic resin and # 
furthermore, 

(D) the aforesaid main body portion has in at least one location 
a portion forming a closed space in the circumferential direction 
section and which is formed as an integral construction 
substantially having no joined regions." 

is corrected as follows: 

"opening is located at an end of said structure composed of a 
plurality of moulded elements , 

(D) the maximum internal width of the aforesaid hollow section, 

(F) , is not less than 0.5 m, and the ratio (F/f) of the maximum 
internal width of the hollow section, (F) , to the maximum width 
of the aforesaid opening ,(f), is in the range of 1.1 to 500. 

(E) the aforesaid main body portion is made of fibre-reinforced 
resin produced by impregnating reinforcing fibre with synthetic 
resin, 

<F) the aforesaid main body portion has in at least one location 
a portion forming a closed space in the circumferential direction 
section and which is formed as an integral construction 
substantially having no joined regions, and 

(G) the reinforcing fibre for the aforesaid main body portion 
does not virtually extend continuously in the circumferential 
direction around the portion over a length not less than two 
times the circumf erence . " 

(3) Specification, Page 7, between Line ^ and Line 8 s * 
The following lines are inserted: 



"One embodiment of the production method f or the fibre-reinforced 
plastic structure with a hollow section according to the present 
invention is a method for the production of a fibre-reinforced 
plastic structure with a hollow section that consists at least 
of the following stages from (A) to (D) which are carried out 
in this order: 

(A) An inner mould preparation stage in which an inner mould 
with a cross -section having a non- circular sectional shape is 
fitted on a stand 

(B) A substrate placement stage in which a substrate comprising 
in part or in total reinforcing fibre is placed on the surface 
of the aforesaid inner mould in such a manner that the substrate 
does not extend continuously around the inner mould over a length 
not less than two times the circumference, 

(C) A pressure -reduction stage in which the top of the aforesaid 
substrate on the surface of the inner mould is covered over with 
a bag and the interior pressure of said bag is reduced to below 
atmospheric pressure, and 

( D ) A synthetic resin impregnation stage in which synthetic resin 
is injected into the aforesaid reinforcing fibre and the interior 
of the substrate impregnated by uniform diffusion of said resin 
in the reinforcing fibre substrate face direction. 

Another embodiment of the production method for the 
fibre-reinforced plastic structure with a hollow section 
according to the present invention is a method for the production 
of a fibre-reinforced plastic structure with a hollow section 
that consists at least of the following stages from (A) to (F) 
which are carried out in this order: 

(A) An inner mould preparation stage in which a hollow inner 



mould having a non-circular cross-section and made of flexible 
material is fitted on a stand, 

(B) A resin-diffusing medium placement stage in which a 
resin-diffusing medium that allows resin to diffuse within it 
is placed over at least part of the outside surface of the aforesaid 
inner mould, 

(C) A substrate placement stage in which a substrate comprising 
in part or in total reinforcing fibre is placed on the surface 
of the aforesaid inner mould, 

(D) An outer mould placement stage in which the outer periphery 
of the aforesaid substrate that has reinforcing fibre on it is 
covered with an outer mould, 

(E) A pressure-reduction stage in which the pressure is reduced 
in the space between the aforesaid outer mould and the inner 
mould to expand or move the aforesaid resin-diffusing medium, 
along with the aforesaid inner mould , in the outer mould direction , 
and 

(F) A synthetic resin impregnation stage in which synthetic resin 
is injected into the aforesaid reinforcing fibre and the interior 
of the substrate is impregnated by uniform diffusion of the resin 
in the plane direction of the reinforcing fibre substrate. 

Still another embodiment of the production method for the 
fibre-reinforced plastic structure with a hollow section 
according to the present invention is a method to produce 
fibre-reinforced plastic structures that have a non-circular 
cross-section and that are composed of a plurality of moulded 
elements, at least one of the aforesaid moulded elements having 
at least one opening and a main body portion containing a cavity 
in its interior, wherein when the aforesaid moulded elements 
are coupled together, said moulded elements are mutually joined 



together by placing reinforcing fibre to straddle the joint 
regions between the moulded elements, and then placing a bag 
to locally cover the joint regions from over the reinforcing 
fibre, followed by reducing the pressure in the bag to ensure 
resin injection and impregnation." 

(4) Specification, Page 32, Line 16 
"it is preferred" 

is corrected as follows : 
"it is necessary". 

(5) Specification, Page 36, Lines 13, to Page 37, Line 23r 

"(A) An inner mould preparation stage in which an inner mould 
of cross -section having a non-circular sectional shape is 
arranged on a stand or the like 

(B) A substrate arrangement stage in which substrate comprising 
in part or in total reinforcing fibre is arranged at the surface 
of the aforesaid inner mould 

(C) A pressure-reduction stage in which the top of the aforesaid 
substrate is covered over with a bag and the interior pressure 
of said bag is reduced to below atmospheric pressure 

( D ) A synthetic resin impregnation stage in which synthetic resin 
is injected into the aforesaid reinforcing fibre and the interior 
of the substrate impregnated by uniform diffusion of said resin 
in the reinforcing fibre substrate face direction 

It is preferred that there be added to these stages a stage in 
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which the entire body is cured within the temperature range 50 
to 200°C and integral moulding effected. 

The hollow FRP structure of the present invention can also be 
produced via at least the following stages (A) to (E) in turn. 

(A) An inner mould preparation stage in which an inner mould 
of cross -section having a non-circular sectional shape is 
arranged on a stand 

(B) A substrate arrangement stage in which substrate comprising 
in part or in total reinforcing fibre is arranged at the outer 

surface of the aforesaid inner mould" 

*■» 

is corrected as follows: 

"(A) An inner mould preparation stage in which an inner mould 
with a cross-section having a non-circular sectional shape is 
fitted on a stand 

(B) A substrate placement stage in which a substrate comprising 
in part or in total reinforcing fibre is placed on the surface 
of the aforesaid inner mould in such a manner that the substrate 
does not extend continuously around the inner mould over a length 
not less than two times the circumference, 

(C) A pressure-reduction stage in which the top of the aforesaid 
substrate on the surface of the inner mould is covered over with 
a bag and the interior pressure of said bag is reduced to below 
atmospheric pressure, and 

( D ) A synthetic resin impregnation stage in which synthetic resin 
is injected into the aforesaid reinforcing fibre and the interior 
of the substrate impregnated by uniform diffusion of said resin 
in the reinforcing fibre substrate face direction. 



6 



It is preferred that there be added to these stages 

a stage in which the entire body is cured in the temperature 

range of 50 to 200°C to form an integral-moulded body. 

The hollow FRP structure of the present invention can also be 
produced by at least the following stages (A) to (F) which are 
carried out in this order: 

(A) An inner mould preparation stage in which a hollow inner 
mould having a non-circular cross -section arid made of flexible 
material is fitted on a stand, 

(B) A resin-diffusing medium placement stage in which a 
resin-diffusing medium that allows resin to diffuse within it 
is placed over at least part of the outside surface of the aforesaid 
inner mould,". 

(6) Specification, Page 37, Lines 16 to 23 

n C) An outer mould arrangement stage in which the outer periphery 
of the aforesaid reinforcing fibre arranged substrate is covered 
by an outer mould 

(D) A pressure-reduction stage in which the pressure is reduced 
between the aforesaid outer mould and the inner mould 

(E) ". 

is corrected as follows: 

" (C) A substrate placement stage in which a substrate comprising 
in part or in total reinforcing fibre is placed on the surface 
of the aforesaid inner mould, 

(D) An outer mould placement stage in which the outer periphery 
of the aforesaid substrate that has reinforcing fibre on it is 

7 



covered with an outer mould. 



(E) A pressure-reduction stage in which the pressure is reduced 
in the space between the aforesaid outer mould and the inner 
mould to expand or move the aforesaid resin-dif fusing medium, 
along with the aforesaid inner mould , in the outer mould direction , 
and 

(F) ". 

(7) Specification, Page 38, Line 23 
n kgG/cm2" 

is corrected as follows : ' 
n kgG/cm 2 \ 

(8) Specification, Page 38, Line 32 
"preferably employed, " 

is corrected as follows : 

"preferably employed, the former being more preferred," 

(9) Claims 1, 5, 7, 10-28, 32-34, and 36-43 are corrected. 

(10) Claims 4, 6, 8, 9, 29-31, and 35 are deleted. 

(11) Claims 44-48 are added. 



6\ List of attached documents 
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(1) Specification 4, 4/1, 1/2, 1 8 ,, 20, 21 , and 23r-/-l- 

(2) Claims^ ^-42 , and 42 /*. 
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(A) it is a fibre-reinforced plastic structure with a 
hollow section which is provided with at least one opening 
and with a main body portion having in the interior a cavity 
of maximum width greater than the maximum width of the 

5 aforesaid opening(s), 

(B) the aforesaid main body portion is composed of 
fibre-reinforced plastic where reinforcing fibre has been 
impregnated with synthetic resin and, furthermore, 

10 

(C) the aforesaid main body portion has a solid of non- 
revolution shape where the interior maximum width (F) of the 
cavity is not less than 0.5 m and the ratio (F/f) of the 
internal maximum width (F) of the cavity to the maximum width 

15 (f) of the aforementioned opening lies in the range 1.1 to 
500, and 

(D) furthermore, the aforesaid main body portion is 
formed as an integral construction in which its totality 

20 substantially has no regions which are joined, and 

(E) the reinforcing fibre for the aforesaid main body 
portion does not virtually extend continuously in the 
circumferential direction around the portion over a length 

25 not less than two times the circumference. 

Another embodiment of the fibre-reinforced plastic structure 
with a hollow section according to the present invention is a 
fibre -reinforced plastic structure with a hollow section 
30 which is characterized in that 

(A) it is composed of a plurality of moulded elements. 
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(B) at least one of these moulded elements is a 
structure which is provided with at least one opening and 
with a main body portion having a cavity in the interior and, 
furthermore, the section thereof has a solid of non- 
revolution shape, 

(C) the aforesaid opening is located at an end of said 
structure composed of a plurality of moulded elements, 

(D) the maximum internal width of the aforesaid hollow 
section, (F), is not less than 0.5 m, and the ratio (F/f) of 
the maximum internal width of the hollow section, (F) , to the 
maximum width of the aforesaid opening ,(f), is in the range 
of 1.1 to 500. 

(E) the aforesaid main body portion is made of fibre- 
reinforced resin produced by impregnating reinforcing fibre 
with synthetic resin, 

(F) the aforesaid main body portion has in at least one 
location a portion forming a closed space in the 
circumferential direction section and which is formed as an 
integral construction substantially having no joined regions, 
and 

(G) the reinforcing fibre for the aforesaid main body 
portion does not virtually extend continuously in the 
circumferential direction around the portion over a length 
not less than two times the circumference. 

One embodiment of the production method for the fibre - 
reinforced plastic structure with a hollow section according 
to the present invention is a method for the production of a 



(A) An inner mould preparation stage in which a hollow 
inner mould having a non-circular cross-section and made of 
flexible material is fitted on a stand. 



(B) A resin-diffusing medium placement stage in which a 
resin-diffusing medium that allows resin to diffuse within it 
is placed over at least part of the outside surface of the 
aforesaid inner mould. 



(C) A jubntrntr — placcmont — s tage — in — whioh — a — srafcrsrtrS^ 
comprising in part or in total reinforcing fibre is placed/onj 
the surface of the aforesaid inner mould, 

(D) \An outer mould placement stage in which/the outer 
periphery bf the aforesaid substrate that ha/ reinforcing 

ibre on it i^v covered with an outer mould. 



(E) A pressur^reduction stage in^hich the pressure is 
reduced in the space\between the aforesaid outer mould and 

or moye the aforesaid resin- 
the/ aforesaid inner mould, in) 



tjhe inner mould to eih>and 
diffusing medium, along 
the outer mould direction, an 



±h 



(F) 



;in xmp3 



agnation stage in which 



i synthetic res: 
sfynthetic resin is iniefcted into the aforesaid reinforcii^ 
fibre and the interior of the substrksfce is impregnated \fy 



uniform diffusion of the resin in the plal 
reinforcing fibr^ substrate. 



ie direction of the 



Still ^nother embodiment of the production Njriethod for 
the fibre/reinforced plastic structure with a hollovKsecticjn 
according to the present invention is a method to produce 
fS ^JJ-c l c informed p i *g*-j ^ ctmrtnT:p.,q — that havp a n r rn^ni mil ^.r 




(A) hU mrmlrt pi^pf r-Hl M i l l Ki . HiJM A II - wl I i till d llUlTn VT 

mould havinq a non-circular cross -section aad^-'itlade of 
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(C) A substrate placement stage in which a substrate 



comprising in part or in, total reinforcing fibre is placed on 
the surface of the aforesaid inner mould, 

(D) An outer mould placement stage in which the outer 
15 periphery of the aforesaid substrate that has reinforcing 

fibre on it is covered with an outer mould, 

(E) A pressure-reduction stage in which the pressure is 
reduced in the space between the aforesaid outer mould and 

20 the inner mould to expand or move the aforesaid resin- 
diffusing medium, along with the aforesaid inner mould, in 
the outer mould direction, and 



25 synthetic resin is injected into the aforesaid reinforcing 
fibre and the interior of the substrate is impregnated by 
uniform diffusion of the resin in the plane direction of the 
reinforcing fibre substrate. 



the fibre-reinforced plastic structure with a hollow section 
according to the present invention is a method to produce 
fibre-reinforced plastic structures that have a non-circular 



(F) A synthetic resin impregnation stage in which 
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Still another embodiment of the production method for 




f ibre^reinf orced plastic structure with a hollow section that 
consists at least of the following stages from (A) to (D) 
which are carried out in this order: 

5 (A) An inner mould preparation stage in which an inner 

mould with a cross -section having a non-circular sectional 
shape is fitted on a stand 

(B) A substrate placement stage in which a substrate 
10 comprising in part or in total reinforcing fibre is placed on 

the surface of the aforesaid inner mould in such a manner 
that the substrate does not extend continuously around the 
inner mould over a length not less than two times the 
circumference , 

15 

(C) A pressure-reduction stage in which the top of the 
aforesaid substrate on the surface of the inner mould is 
covered over with a bag and the interior pressure of said bag 
is reduced to below atmospheric pressure, and 

20 

(D) A synthetic resin impregnation stage in which 
synthetic resin is injected into the aforesaid reinforcing 
fibre and the interior of the substrate impregnated by 
uniform diffusion of said resin in the reinforcing fibre 

25 substrate face direction. 

Another embodiment of the production method for the 
fibre-reinforced plastic structure with a hollow section 
according to the present invention is a method for the 
30 production of a fibre-reinforced plastic structure with a 
hollow section that consists at least of the following stages 
from (A) to (F) which are carried out in this order: 



cross -section and that are composed of a plurality of moulded 
elements, at least one of the aforesaid moulded elements 
having at least one opening and a main body portion 
containing a cavity in its interior, wherein when the 
aforesaid moulded elements are coupled together, said moulded 
elements are mutually joined together by placing reinforcing 
fibre to straddle the joint regions between the moulded 
elements, and then placing a bag to locally cover the joint 
regions from over the reinforcing fibre, followed by reducing 
the pressure in the bag to ensure resin injection and 
impregnation . 

Brief Explanation of the Drawings 

Figure 1 is a perspective view showing an example of a hollow 
FRP structure where the present invention can be applied. 

Figure 2 is a perspective view showing another example of a 
hollow FRP structure where the present invention can be 
applied. 

Figure 3 is a perspective view showing still another example 
of a hollow FRP structure where the present invention can be 
applied. 

Figure 4 is a perspective view showing still another example 
of a hollow FRP structure where the present invention can be 
applied. 

Figure 5 is a perspective view showing still another example 
of a hollow FRP structure where the present invention can be 
applied. 



If, when arranging the substrate on the outer face of the 
inner mould the reinforcing fibre of the substrate extends 
for two or more laps of the circumference of the hollow inner 
mould, the pressure from the hollow inner mould is 
concentrated only in the reinforcing fibre and it is 
difficult to uniformly apply pressure to the structure as a 
whole. Moreover, by applying pressure to the interior, the 
hollow inner mould is made to expand radially and, 
furthermore, the reinforcing fibre also made to move a little 
to produce a slack-free state, so if the fibre extends for 
two or more laps then this movement will be impeded. As a 
result, the FRP< structure may not be moulded to the desired 
shape and dimensions, and the escape of bubbles or the 
diffusion of resin may be inadequate, so that the 
characteristics of the FRP structure are hot fully manifested. 
Consequently, it is necessary that arrangement of the 
substrate be carried out such that reinforcing fibre does not 
extend continuously for two or more circuits of the hollow 
inner mould, that is to say it does not extend continuously 
over two or laps of the circumference of the interior space 
of the hollow FRP structure. Now, reference here to the 
arrangement being carried out such that it does not extend 
continuously for two or more laps, means that at least 
80 vol% (more preferably 90 vol% and still more preferably 
95 vol%) of the reinforcing fibre in the FRP does not extend 
continuously for two or more laps, and it is not intended to 
exclude the case where even one reinforcing fibre extends 
continuously over two or more laps . 

Furthermore, the hollow FRP structure preferably has parts 
which are integrally moulded over the entire circumferential 
direction length. Such parts integrally moulded over the 
entire circumferential direction length need not necessarily 



curing temperature. In particular, it is preferred that ttie 
heat resistance temperature be at least 5°C higher than the 
resin curing temperature or the provisional curing 
temperature, in that it is possible to suppress distortion of 
the inner mould during the resin curing or provisional curing 
and the dimensional accuracy of the structure can be ensured. 
Now, the heat resistance of the inner mould is defined by the 
Vicat softening point measured in accordance with JIS-K6760. 

The hollow FRP structure of the present invention can be 
produced via at least the following stages (A) to (D) in turn. 

(A) An inner mould preparation stage in which an inner mould 
with a cross -section having a non-circular sectional shape is 
fitted on a stand 

(B) A substrate placement stage in which a substrate 
comprising in part or in total reinforcing fibre is placed on 
the surface of the aforesaid inner mould in such a manner 
that the substrate does not extend continuously around the 
inner mould over a length not less than two times the 
circumference, 

(C) A pressure-reduction stage in which the top of the 
aforesaid substrate on the surface of the inner mould is 
covered over with a bag and the interior pressure of said bag 
is reduced to below atmospheric pressure, and 

(D) A synthetic resin impregnation stage in which 
synthetic resin is injected into the aforesaid reinforcing 
fibre and the interior of the substrate impregnated by 
uniform diffusion of said resin in the reinforcing fibre 
substrate face direction. 



It is preferred that there be added to these stages 

a stage in which .the entire body is cured in the temperature 

range of 50 to 200°C to form an integral-moulded body. 

5 

The hollow FRP structure of the present invention can also be 
produced by at least the following stages (A) to (F) which 
are carried out in this order: 

10 (A) An inner mould preparation stage in which a hollow 

inner mould having a non-circular cross-section and made of 
flexible material is fitted on a stand, 

(B) A resin-diffusing medium placement stage in which a 
15 resin-diffusing medium that allows resin to diffuse within it 

is placed over at least part of the outside surface of the 
aforesaid inner mould, 

(C) A substrate placement stage in which a substrate 
20 comprising in part or in total reinforcing fibre is placed on 

the surface of the aforesaid inner mould, 

(D) An outer mould placement stage in which the outer 
periphery of the aforesaid substrate that has reinforcing 

25 fibre on it is covered with an outer mould, 

(E) A pressure-reduction stage in which the pressure is 
reduced in the space between the aforesaid outer mould and 
the inner mould to expand or move the aforesaid resin- 

30 diffusing medium, along with the aforesaid inner mould, in 
the outer mould direction, and 



(F) A synthetic resin impregnation stage in, which 
synthetic resin is injected into the aforesaid reinforcing 
fibre and the interior of the base material impregnated by 
uniform diffusion of the resin in the reinforcing fibre 
substrate face direction 
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15 



20 



25 



30 



In such circumstances it is preferred that at least a part of 
the outer face of the inner mould be covered with a sheet - 
shaped covering material, and on top of this there is 
arranged the substrate comprising reinforcing fibre in part 
or in total, after which covering is performed from the outer 
^ oriphory thereof with - trhc r 1 uufe ^' mould, 3Trd— ■b hcn - t-he — 3^ego*Q 
l^et^een said outer mould and inner mould reduced in pressure 
ind sWthetic resin injected in a state with the a-foresai 1 
oovering\{iaterial expanded or caused to move in the direct ioi 
of the outfex mould and, by allowing said resdn to diffuse 



r 



1:hrough the reinforcing fibre substrate in t#e face direction 



the interior bf the reinforcing 
impregnated with the resin. 



fibre substrate 



is 



Ii both the aforesaid ^product lopr methods, it is preferred 
t lat there be used a hol^o^ip^r mould, that there be usee 
ai inner mould with resin f3x>w channel grooves in the outei 
face, and that the synjfe^ti^\^esin be injected into th€ 
reinforcing fibre bas^/material from said grooves 

In the latter production method, it is\pref erred that there > 
be used an ipner mould comprising an elastic material, that 
tfhe interxje^r of the inner mould be pressured^with a fluid and 
aid inarler mould caused to expand in the direction of the 
u ^ mould, and that the fluid used for t^e^ internal 
r^ssurizing of the inner mould in such circumstances bet 
)mpres^e<a"-a±n — thTer-pressuxe—of-^hi-Gh-- pare-fe-Jrabfby — i^-es-^-n— the- 



reinforcing fibre 




n such circumstance^dTt is pref erlsQd that at least a part of 
■tjhe outer face j#£ the inner mould be cr©3^ered with a sheet - 
sjhaped coyef^g material, and on top of^tLis there it 
10 drrajjg^d the substrate comprising reinforcing fibroin parf 
M ^ln Lo Lai , a l tcj. which c o vering is p erformed from the oufo 
periphery thereof with the outer mould, and then the region 
between said outer mould and inner mould reduced in pressure, 
and synthetic resin injected in a state with the aforesaid 
15 covering material expanded or caused to move in the direction 
of the outer mould and, by allowing said resin to diffuse 
through the reinforcing fibre substrate in the face direction, 
the interior of the reinforcing fibre substrate is 
impregnated with the resin. 

20 

In both the aforesaid production methods, it is preferred 
that there be used a hollow inner mould, that there be used 
an inner mould with resin flow channel grooves in the outer 
face, and that the synthetic resin be injected into the 
25 reinforcing fibre base material from said grooves. 



In the latter production method, it is preferred that there 
be used an inner mould comprising an elastic material, that 
the interior of the inner mould be pressured with a fluid and 
30 said inner mould caused to expand in the direction of the 
outer mould, and that the fluid used for the internal 
pressurizing of the inner mould in such circumstances be 
compressed air, the pressure of which preferably lies in the 



range 0.05 to 1.0 MPa (0.5 to 10 kgG/cm 2 ) and more preferably 
0.1 to 0.5 MPa. 



Again, in each of the aforesaid production methods it is 
preferred that, in the substrate arrangement stage (B) , there 
be used a resin diffusion medium which enables resin to 
diffuse into the covering material, and that this medium be a 
reticulate material. As the inner mould a plastic, rubber- 
material, water-soluble polymer material or wood is 
preferably employed, the former being more preferred, and it 
is preferred that it be moulded in the form of a hollow body 
by the blow moulding method. r -Again-7 — in aforesaid bubotea t 



:hod. j-AgaifrT- 
wh|en arr 



ax raiiyeuiBi rt ctago frfrH whfen arranging the substrate 



<tom>rising reinforcing fibre, it is preferred that th^fe bi 
used, between substrates and/or between substrate and inne:: 
inould a stahstrate retainer which secures the sujv^trate. It 
Ls pref erred\that moulded elements be integrally coupled by 
joining together by means of a local moulding method. 

urthermore, in eabh of the protection methods, it is; 
preferred that there either be ad^ed an inner mould removal 
s tage for removing the N.nner/'mould from the integrally 
moulded structure, or ttjat yfe^e inner mould be left in the 
Integrally-moulded structure afcv an integral part of th^ 
structure. X \. 

Ittien producing a yfibre-reinf orced plastic structure composed 
of a plurality' of moulded elements, at l^ast one of which 
Loulded elements has a solid of non-revolutidn shape sectioi 
nd is provided with at least one opening andNa main bodj 
Sortictfl'having a cavity in the interior, at the titae of th<= 
c outing together of these moulded elements said m&jaldec 

tu^ai-ly gni ned £oge-t-he~r — by arr angina 



Scope of Claims 



1. (corrected) A fibre-reinforced plastic structure with a 
hollow section which is characterized in that 

(A) it is a fibre-reinforced plastic structure with a hollow 
section which is provided with at least one opening and with 
a main body portion having in the interior a cavity of 
maximum width greater than the maximum width of the aforesaid 
opening ( s ) , 

(B) the . aforesaid main body portion is composed of fibre- 
reinforced plastic where reinforcing fibre has been 
impregnated with synthetic resin and, furthermore, 

(C) the aforesaid main body portion has a solid of non- 
revolution shape where the interior maximum width (F) of the 
cavity is at least 0.5 m and the ratio (F/f) of the interior 
maximum width (F) of the cavity to the maximum width (f) of 
the aforesaid opening(s) lies in the range 1.1 to 500, 

(D) furthermore, the aforesaid main body portion is formed as 
an integral construction in which its totality substantially 
has no regions which are joined> and 

(E) the reinforcing fibre for the aforesaid main body portion 
does not virtually extend continuously in the circumferential 
direction around the portion over a length not less than two 
times the circumference. 

2. A fibre-reinforced plastic structure with a hollow 
section according to Claim 1 which is characterized in that, 
at the inner circumferential face of the aforesaid main body 



portion, there is a projecting rib which projects in the 
radial direction thereof. 

3. A fibre-reinforced plastic structure with a hollow 
section according to Claim 2 which is characterized in that 
the aforesaid projecting rib has a frame structure with a 
core material present in the interior and. furthermore, with 
the periphery of the core material enveloped by a skin layer 
containing reinforcing fibre. 

4. (deleted) 

5. (corrected) A fibre -reinforced plastic structure with a 
hollow section according to any of Claims 1-3 which is 
characterized in that the foresaid portion whose cross 
section in the circumferential direction forms a closed space 
and that is formed as an integral construction substantially 
having no joined regions. 



6. (deleted) 

7. (corrected) A fibre -reinforced plastic structure with a 
hollow section which is characterized in that 

(A) it is composed of a plurality of moulded elements, 

(B) at least one of these moulded elements is a structure 
which is provided with at least one opening and with a main 
body portion having a cavity in the interior and. furthermore, 
the section thereof has a solid of non- revolution shape. 

(C) the aforesaid opening is located at an end of the 
structure composed of a plurality of moulded elements. 



(D) the maximum internal width of the aforesaid hollow 
section, (F), is not less than 0.5 m, and the ratio (F/f) of 
the maximum internal width of the hollow section, (F), to the 

5 maximum width of the aforesaid opening , (f), is in the range 
of 1.1 to 500. 

(E) the aforesaid main body portion is made of fibre- 
reinforced resin produced by impregnating reinforcing fibre 

10 with synthetic resin, 

(F) the aforesaid main body portion has in at . least one 
location a portion forming a closed space in the 
circumferential direction section and which is formed as an 

15 integral construction substantially having no joined regions, 
and 

(G) the reinforcing fibre for the aforesaid main body portion 
does not virtually extend continuously in the circumferential 

20 direction around the portion over a length not less than two 
times the circumference. 

8. (deleted) 

25 9. (deleted) 

10. (corrected) A fibre-reinforced plastic structure with 
a hollow section according to Claim 7 which is characterized 
in that at the inner surface facing the cavity of the 
30 aforesaid structure, there is a rib projecting in the radial 
direction thereof . 



11. (corrected) A fibre-reinforced plastic structure with 
a hollow section according to Claim 10 which is characterized 
in that the aforesaid projecting rib has a frame structure 
with a core material present in the interior and the 

5 periphery thereof enveloped by a skin layer containing 
reinforcing fibre. 

12. (corrected) A fibre-reinforced plastic structure with 
a hollow section according to any of Claims 1-3, 5, 7, 10, 

10 and 11 which is characterized in that the main body portion 
of the aforesaid structure is formed with a shell comprising 
aforesaid skin layer positioned on the outside and core 
material positioned on the inside. 

15 13. (corrected) A fibre-reinforced plastic structure with 
a hollow section according to Claim 12 which is characterized 
in that the aforesaid structure is formed with a shell where 
skin layer comprising fibre-reinforced plastic is further 
laminated on the inside of the aforesaid core material. 

20 

14. (corrected) A fibre-reinforced plastic structure with 
a hollow section according to Claims 12 or 13 which is 
characterized in that the aforesaid core material has a rib 
which extends in the radial direction of the structure. 

25 

15. (corrected) A fibre-reinforced plastic structure with 
a hollow section according to any of Claims 3 and 11-14 which 
is characterized in that the aforesaid core material 
comprises a foam. 

30 

16. (corrected) A fibre -reinforced plastic structure with 
a hollow section according to any of Claims 3 and 11-15 which 



is characterized in that a groove is formed in the surface of 
the aforesaid core material. 

17. (corrected) A fibre-reinforced plastic structure with 
5 a hollow section according to any of Claims 1-3, 5, 7, and 
10-16 which is characterized in that a liner is provided in 
at least one part of the inner face of the aforesaid main 
body portion. 

10 18. (corrected) A fibre-reinforced plastic structure with 

a hollow section according to Claim 17 which is characterized 
in that the aforesaid liner has a plurality of concave 
grooves . 

15 19. (corrected) A fibre-reinforced plastic structure with 

a hollow section according to any of Claims 1-3, 5, 7, and 
10-18 which is characterized in that the aforesaid 
reinforcing fibre is at least one type from amongst carbon 
fibre, glass fibre, aramid fibre, high density polyethylene 

20 fibre and polyarylate fibre. 

20. (corrected) A fibre-reinforced plastic structure with 
a hollow section according to any of Claims 1-3, 5, 7, and 
10-19 which is characterized in that the aforesaid 

25 reinforcing fibre comprises carbon fibre tow, where one tow 
has a number of single filaments in the range 12,000 to 
200,000. 

21. (corrected) A fibre-reinforced plastic structure with 
30 a hollow section according to any of Claims 1-3, 5, 7, and 

10-20 which is characterized in that the void content, of the 
aforesaid main body portion lies within the range 2% and 
below, by volume. 



22. (corrected) A fibre-reinforced plastic structure with 
a hollow section according to any of Claims 1-3, 5, 7, and 
10-21 which is characterized in that the aforesaid synthetic 
resin is at least one type from amongst epoxy resins, 
unsaturated polyester resins, vinyl ester resins and phenolic 
resins . 

23. (corrected) A fibre-reinforced plastic structure with 
a hollow section according to any of Claims 1-3, 5, 7, and 
10-22 which is characterized in that a covering layer is 
integrally formed at the outer face of the main body portion. 

24. (corrected) A fibre-reinforced plastic structure with 
a hollow section according to Claim 23 which is characterized 
in that the covering layer is a gel coat layer. 

25. (corrected) Transportation equipment comprising, in 
part, a fibre-reinforced plastic structure with a hollow 
section according to any of Claims 1-3, 5, 7, and 10-24. 

26. (corrected) An automobile comprising, in part, a 
fibre-reinforced plastic structure with a hollow section 
according to any of Claims 1-3, 5, 7, and 10-24. 

27. (corrected) An airplane comprising, in part, a fibre- 
reinforced plastic structure with a hollow section according 
to any of Claims 1-3, 5, 7, and 10-24. 

28. (corrected) A method for the production of a fibre- 
reinforced plastic structure with a hollow section that 
consists at least of the following stages from (A) to (D) 
which are carried out in this order: 



(A) An inner mould preparation stage in which an inner mould 
with a cross-section having a non-circular sectional shape is 
fitted on a stand 

(B) A substrate placement stage in which a substrate 
comprising in part or in total reinforcing fibre is placed on 
the surface of the aforesaid inner mould in such a manner 
that the substrate does not extend continuously around the 
inner mould over a length not less than two times the 
circumference, 

(C) A pressure -reduction stage in which the top of the 
aforesaid substrate on the surface of the inner mould is 
covered over with a bag and the interior pressure of said bag 
is reduced to below atmospheric pressure, and 

(D) A synthetic resin impregnation stage in which synthetic 
resin is injected into the aforesaid reinforcing fibre and 
the interior of the substrate impregnated by uniform 
diffusion of said resin in the reinforcing fibre substrate 
face direction. 

29. (deleted) 

30. (deleted) 

31. (deleted) 

32. (corrected) A method for the production of a fibre- 
reinforced plastic structure with a hollow section according 
to Claim 28 which is characterized in that the entire 




structure is also cured within the temperature range 50 to 
200°C, and integral moulding effected. 

33. (corrected) A production method for a fibre-reinforced 
plastic structure with a hollow section that consists at 
least of the following stages from (A) to (F) which are 
carried out in this order: 

(A) An inner mould preparation stage in which a hollow inner 
mould having a non-circular cross-section and made of 
flexible material is fitted on a stand, 

(B) A resin -diffusing medium placement stage in which a 
resin-diffusing medium that allows resin to diffuse within it 
is placed over at least part of the outside surface of the 
aforesaid inner mould, 

(C) A substrate placement stage in which a substrate 
comprising in part or in total reinforcing fibre is placed on 
the surface of the aforesaid inner mould, 

(D) An outer mould placement stage in which the outer 
periphery of the aforesaid substrate that has reinforcing 
fibre on it is covered with an outer mould, 

(E) A pressure-reduction stage in which the pressure is 
reduced in the space between the aforesaid outer mould and 
the inner mould to expand or move the aforesaid resin- 
diffusing medium, along with the aforesaid inner mould, in 
the outer mould direction, and 

(F) A synthetic resin impregnation stage in which synthetic 
resin is injected into the aforesaid reinforcing fibre and 



the interior of the substrate is impregnated by uniform 
diffusion of the resin in the plane direction of the 
reinforcing fibre substrate. 

5 34. (corrected) A method for the production of a fibre- 

reinforced plastic structure with a hollow section according 
to Claim 28 or 33 which is characterized in that, in the 
aforesaid pressure reduction stage, the inner mould interior 
is pressurized with a fluid and said inner mould made to 
10 further expand in the outer mould direction. 

35. (deleted) 

36. (corrected) A method for the production of a fibre - 
15 reinforced plastic structure with a hollow section according 

to Claim 34 which is characterized in that, in the aforesaid 
pressure reduction stage, the fluid used for pressurizing the 
interior of the inner mould is compressed air and the applied 
pressure thereof lies within the range 0.049 to 0.98 MPa (0.5 
20 to 10 kg/cm 2 G) . 

37. (corrected) A method for the production of a fibre - 
reinforced plastic structure with a hollow section according 
to Claims 28, 3 2-34, and 36 which is characterized in that, 

2 5 in the aforesaid inner mould preparation stage, an inner 
mould having resin channel grooves in the outer face is 
employed and the synthetic resin is injected into the 
reinforcing fibre substrate through said grooves. 

30 38. (corrected) A method for the production of a fibre- 

reinforced plastic structure with a hollow section according 
to Claim 37 which is characterized in that the depth of said 
grooves is in the range of 1-50 mm. 



39. (corrected) A method for the production of a fibre- 
reinforced plastic structure with a hollow section according 
to Claim 37 or 38 which is characterized in that the interval 

5 between said grooves is in the range of 5-900 mm. 

40. (corrected) A method for the production of a fibre- 
reinforced plastic structure with a hollow section according 
to any of Claims 37-39 which is characterized in that the 

10 width of said grooves is in the range of 3-5 mm. 

41. (corrected) A method for the production of a fibre- 
reinforced plastic structure with a hollow section according 
to Claim 33 which is characterized in that a reticulate 

15 material is used as resin diffusion medium in the aforesaid 
resin diffusion medium placement stage. 

42. (corrected) A method for the production of a fibre- 
reinforced plastic structure with a hollow section according 

20 to any of Claims 28, 32-34, and 36-41 which is characterized 
in that a plastic, a rubber material, a water-soluble polymer 
material or a wood material is used as the aforesaid inner 
mould . 

25 43. (corrected) A method for the production of a fibre- 

reinforced plastic structure with a hollow section according 
to any of Claims 28, 32-34, and 36-42 which is characterized 
in that the aforesaid structures are mutually joined together 
by a local vacuum moulding method to form a single body. 

30 

44. (added) A method for the production of a fibre - 

reinforced plastic structure with a hollow section according 
to any of Claims 28, 32-34, and 36-43 which is characterized 



in that, in the aforesaid substrate arrangement stage, when 
arranging the substrate comprising reinforcing fibre, a 
substrate retainer which secures the substrate is provided 
between substrates or between the substrate and inner mould. 

5 

45. (added) A method for the production of a fibre - 
reinforced plastic structure with a hollow section according 
to any of Claims 28, 32-34, and 36-44 which is characterized 
in that an inner mould which is moulded as a hollow body by 

10 means of the blow moulding method is used. 

46. (added) A method for the production of a fibre- 
reinforced plastic structure with a hollow section according 
to any of Claims 28, 32-34, and 36-45, which is characterized 

15 in that it has an inner mould removal stage in which the 
inner mould is removed from the integrally-moulded structure. 

47. (added) A method for the production of a fibre- 
reinforced plastic structure with a hollow section according 

20 to any of Claims 28, 32-34, and 36-45 which is characterized 
in that the inner mould is integrally coupled to the 
structure and left within the integrally-moulded structure. 

48. (added) A method for the production of a plurality 
2 5 {sic} of fibre-reinforced plastic structures with hollow 

sections which is characterized in that, it is a method for 
the production of a fibre-reinforced plastic structure 
composed of a plurality of moulded elements, at least one of 
which moulded elements has a section which constitutes a 
30 solid of non-revolution shape and which is provided with at 
least one opening and with a main body portion having a 
cavity in the interior. 



and when joining together the aforesaid moulded elements, 
reinforcing fibre is arranged spanning the region of join 
between the moulded elements, and the regions of join are 
locally covered with bags from above the reinforcing fibre , 
after which the pressure inside the bags is reduced and resin 
injected, and impregnation effected, so that the moulded 
elements are mutually connected together. 



